As the field of orthopaedic surgery evolves, practitioners are expected to gain familiarity with both the rapidly expanding literature and research methodology. This is especially true of trainees, who will shape the future of orthopaedic practice and innovation. Although many medical students gain research skills from mentors during undergraduate and medical school, no universal training requirements exist to provide all physicians with research competency. Orthopaedic surgery residents must meet necessary Accreditation Council for Graduate Medical Education (ACGME) requirements for research and publication; however, this limited exposure to research precludes mastering the skills that allow for continued, successful research. In addition, as both the business and regulatory aspects of medicine become more complex, most orthopaedic surgeons lack specific expertise and training in these fields.

Although not all physicians need to conduct high level research, business leadership, or legal advocacy, a subgroup of physicians have pursued these interests through formal graduate education. As an example, physician-scientist training programs, specifically the National Institutes of Health (NIH) funded Medical Scientist Training Programs (MSTP), and non-NIH funded MD-PhD training programs, are designed to give physicians specific skills to combine research with clinical practice. In comparison with orthopaedic surgery, other medical and surgical fields have more successfully recruited physician-scientists,^[@R1][@R2][@R3]^ who are formally trained in research methodology, funding procurement, and the peer-review process. These same skills are valued and emphasized in orthopaedic residency and academic practice, yet there has been a consistent lack of recruitment of graduate research trained medical students to orthopaedic surgery over the past 40 years.^[@R4]^ Similarly, individuals who pursued graduate degrees in public health, business, or law are well suited to navigate complex policy, business, and legal relationships in modern medical practice. Given their background, they have the ability to promote and protect the role of orthopaedic surgery in healthcare systems.^[@R5]^

Although low recruitment of MD-PhD physician scientists to orthopaedic surgery has been reported previously,^[@R4],[@R6],[@R7]^ the contribution of orthopaedic surgeons with any formal graduate education beyond a medical doctorate to the academic orthopaedic community remains unknown. The purpose of the current study was to quantify and characterize the proportion of academic faculty from all ACGME-accredited orthopaedic surgery residency programs in the United States who hold additional graduate degrees and to investigate the present recruitment trends of dual-degree students into orthopaedic surgery.

Methods {#s1}
=======

Data Acquisition {#s1-1}
----------------

Demographic data for 4,519 orthopaedic surgery faculty from 175 academic orthopaedic surgery departments---defined as all programs with ACGME-accredited orthopaedic surgery residency training programs---in the United States in the 2017 to 2018 academic year were collected from publicly available websites for each department. Departments from allopathic, osteopathic, and uniformed services training programs were included. Data collected for each faculty member included advanced degree(s), academic rank (instructor, assistant professor, associate professor, and professor), leadership role (department chair, division chair, or residency program director), subspecialty, years since residency and/or fellowship completion, and sex.

Residency match data from 2007 to 2018 for US allopathic senior medical students were used with permission from publicly available *Charting Outcomes of the Match* reports, which are published by the National Residency Matching Program (NRMP).^[@R8]^ Specifically, match rates for applicants who ranked orthopaedic surgery first on the rank order list and held an additional graduate degree were evaluated relative to peers without additional advanced degrees and to applicants who ranked other specialties first.

Statistical Analysis {#s1-2}
--------------------

Data were analyzed with JMP version 14.0 (Cary, NC). Study variables including sex, academic rank, subspecialty, and leadership were assessed with either percentages or means and standard deviations where appropriate. Categorical data were compared with a Student *t*-test or a 1-way analysis of variance based on the number of variables. Categorical variables and proportional analysis were analyzed with Pearson χ^2^ correlations. When multiple categorical variables (ie, PhD vs. MS vs. MBA) were compared, the Tukey-Kramer HSD was applied. Significance was determined by a *P* \< 0.05.

Results {#s2}
=======

Of 4,519 orthopaedic surgeons in academic practice in the United States in 2017 to 2018, 320 (7.1%) held advanced degrees in addition to an MD or a DO medical degree, with 3 (0.07%) holding more than one. Of those with an additional graduate degree, 202 (63.1%) held master\'s and 118 (36.8%) held doctorate degrees. Distribution of advanced degrees by type was as follows: 113 (35.0%) PhD, 112 (34.7%) MS, 51 (15.8%) MPH, 42 (13.1%) MBA, three DVM (0.9%), and two JD (0.6%) (Figure [1](#F1){ref-type="fig"}).

![Graph demonstrating the distribution of academic orthopaedic faculty by additional advanced degree.](jg9-4-e20.00003-g001){#F1}

Advanced degree distribution was evaluated based on sex, academic rank, orthopaedic subspecialty, leadership, and practice duration (Table [1](#T1){ref-type="table"}). There were no proportionate sex differences associated with advanced degrees. There was a trend toward a lower proportion of female surgeons with PhDs (5/435; 1.1%) compared with male surgeons with PhDs (108/4,063; 3%; *P* = 0.06) and a lower percentage of female MD-PhDs (5/113; 4.4%) compared with female MDs (430/4,385; 9.8%; *P* \< 0.001). Within each subspecialty, orthopaedic oncologists had a significantly higher proportion of MD-PhDs (13/211; 6.2%) compared with hand and upper extremity (4/314; 1.3%; *P* = 0.02), spine (10/552; 1.8%; *P* = 0.02), sports medicine (19/851; 2.2%; *P* = 0.04), and pediatric (7/478; 1.5%; *P* = 0.01) subspecialists. Arthroplasty surgeons comprised the greatest overall percentage of MD-PhDs (22/113; 19.5%).

###### 

Univariate Analyses to Compare Distribution of Academic Orthopaedic Faculty With or Without an Additional Advanced Degree

  Variable                Advanced Degree   Total Faculty   *P*     
  ----------------------- ----------------- --------------- ------- --------------
  Sex                                                               
   Female                 402 (92.4%)       33 (7.6%)       435     0.66
   Male                   3,797 (93.0%)     287 (7.0%)      4,084   
   Not listed                                               0       
  Academic rank                                                     
   Instructor             145 (92.4%)       12 (7.6%)       157     n.s
   Assistant professor    1,346 (90.5%)     142 (9.5%)      1,488   
   Associate professor    721 (92.8%)       56 (7.2%)       777     
   Professor              753 (91.1%)       74 (8.9%)       827     
   Not listed                                               1,270   
  Subspecialty                                                      
   General                171 (94.0%)       11 (6.0%)       182     n.s
   Pediatric              441 (92.3%)       37 (7.7%)       478     
   Trauma                 407 (92.1%)       35 (7.9%)       442     
   Arthroplasty           586 (92.7%)       46 (7.3%)       632     
   Shoulder/elbow         102 (92.8%)       8 (7.2%)        110     
   Hand/upper extremity   592 (93.7%)       40 (6.3%)       632     
   Foot and ankle         292 (93.0%)       22 (7.0%)       314     
   Spine                  510 (92.4%)       42 (7.6%)       552     
   Sports medicine        801 (94.1%)       50 (5.9%)       851     
   Oncology               187 (88.6%)       24 (11.3%)      211     
   Not listed                                               115     
  Leadership                                                        
   No                     3,697 (93.0%)     279 (7.0%)      3,976   0.65
   Yes                    502 (92.4%)       41 (7.6%)       543     
   Not listed                                               0       
  Years in practice                                                 
   \<10 years             1,137 (90.8%)     115 (9.2%)      1,252   **\<0.0001**
   \>10 years             2,818 (94.1%)     178 (5.9%)      2,996   
   Not listed                                               271     

n.s = No significant differences between the subspecialty or academic rank using the Tukey-Kramer HSD. Not listed indicates data not available on public faculty profile.

Academic orthopaedic faculty holding an additional advanced degree other than a PhD had been in practice a significantly shorter time than faculty not holding another advanced degree (*P* \< 0.0001). This difference in shorter time in practice was also significant for faculty with a PhD relative to faculty without a PhD (*P* = 0.007). No difference was observed in the percentage of faculty with or without advanced degrees (*P* = 0.66), including PhDs (*P* = 0.99), who were full professors versus those who held lower academic ranks. Similarly, no difference was noted in the percentage of those in academic department leadership roles based on holding any additional advanced degree (*P* = 0.65) or a PhD (*P* = 0.45).

Among 678 total senior allopathic medical students in the United States who ranked orthopaedic surgery first and successfully matched into the specialty in 2018, 85 (12.5%) held additional graduate degrees, and nine (1.3%) held a PhD. Orthopaedic surgery had the fifth lowest percentage of successful applicants holding a PhD, which was significantly lower than 12 other specialties (*P* \< 0.05; Figure [2](#F2){ref-type="fig"}, black bars). Vascular surgery recruited no MD-PhD applicants (0%), whereas pathology recruited the most (21.6%). The distribution of specific graduate degrees aside from PhDs is not reported. Orthopaedic surgery had the second lowest percentage of matched applicants who held any additional graduate degree aside from a PhD, which was significantly lower than 10 other specialties (*P* \< 0.05; Figure [2](#F2){ref-type="fig"}, white bars). Vascular surgery had the highest percentage (21.7%) of successful applicants with additional advanced degrees, whereas pediatric neurology had the lowest (10.3%). The overall match rate for a US senior applicant to orthopaedic surgery in 2018 was 80.8%. For orthopaedic surgery, the 2018 match rate for applicants with additional graduate degrees or an MD-PhD was 76.9% and 75.0%, respectively. Since 2007, there has been an overall decline in the number of US senior medical students with a PhD who match into orthopaedic surgery, with an all-time low of 1.3% in 2018 (range 1.3% to 2.6%; *P* = 0.11; Figure [3](#F3){ref-type="fig"}). Over this same period from 2007 to 2018, the percentage of applicants with an additional graduate degree, other than a PhD, increased from 2011 to 2016 to a maximum of 15.8% but declined to 12.5% in 2018 (range 10.3% to 15.8%; *P* \< 0.05; Figure [3](#F3){ref-type="fig"}). Of all graduating MD-PhD applicants to the 2018 residency match, 1.6% of these applicants ranked orthopaedic surgery first and successfully matched into the specialty (Figure [4](#F4){ref-type="fig"}).

![Graph demonstrating the representation of the percentage of all US senior applicants with an MD-PhD (black) or any additional graduate degree (white) who matched to a given specialty in 2018. Percentages for applicants with an MD-PhD (black) within a specific specialty that are above the dashed line were significantly greater than for orthopaedic surgery (*P* \< 0.05). \*Percentages for applicants with an additional advanced degree (white) within a specific specialty were significantly greater than for orthopaedic surgery (*P* \< 0.05). Data derived from 2018 *Charting Outcomes of the Match* Report.^[@R8]^](jg9-4-e20.00003-g002){#F2}

![Graph demonstrating the representation of the percentage of US senior MD-PhD applicants who matched into orthopaedics from 2007 to 2018. Data derived from 2018 *Charting Outcomes of the Match* Report.^[@R8]^](jg9-4-e20.00003-g003){#F3}

![Graph demonstrating the representation of the percentage of all US senior MD-PhD applicants who matched to a given specialty in 2018. Data derived from 2018 *Charting Outcomes of the Match* Report.^[@R8]^](jg9-4-e20.00003-g004){#F4}

Discussion {#s3}
==========

To our knowledge, this is the first study to report the percentage of academic orthopaedic surgery faculty who hold a graduate degree in addition to a medical doctorate. The overall composition of orthopaedic surgery faculty with an additional graduate degree is 7.1%, which is remarkably low when considering the percentage of total residency applicants with additional advanced degrees (19.1%) and the number of dual-degree training programs in the United States. When compared with data reported by Clark et al in 2001,^[@R7]^ the percentage of orthopaedic MD-PhD faculty has remained stagnant from 2.0% in 2001 to 2.5% in 2018 despite a decrease in recruitment of MD-PhD students over the past decade.

The percentage of women orthopaedic faculty with additional advanced degrees (10.3%) was consistent with the overall percentage of women faculty in orthopaedic surgery (9.6%). Women represented 14.0% of orthopaedic surgery residents,^[@R9]^ and the percentage of women among orthopaedic faculty included in the 2016 AAMC Faculty Roster was reported as 17.8%.^[@R9]^ After review of the current database and the 2016 AAMC Faculty Roster, this difference in percentage of women is based on inclusion of nonclinical and research orthopaedic faculty in the AAMC database. Although 40.3% of all MD-PhD graduates are women,^[@R10]^ recruitment of women orthopaedic MD-PhDs is exceedingly low. Only five of 112 MD-PhD orthopaedic surgery faculty are women, comprising 0.1% of academic orthopaedic surgeons. Despite heightened awareness to the overall sex imbalance in orthopaedic surgery,^[@R9][@R10][@R11]^ we are unaware of efforts to recruit women who hold additional advanced degrees to orthopaedic surgery. Such recruitment could help balance disparities in musculoskeletal research and leadership.

A significant difference was observed in the average number of years in practice since the completion of postgraduate training; orthopaedic surgeons with an additional advanced degree were, on average, in practice four years less than peers without an additional advanced degree. From this data set, it was not possible to determine whether the additional degree was obtained through a combined degree-conferring program or whether the additional degree was obtained before medical school, during residency, or while in practice. We expect the overall career of a surgeon-scientist to be shorter based on age at completion of training. There was a significantly higher percentage of MD-PhD orthopaedic faculty with fellowship training in arthroplasty and oncology relative to the other subspecialties. This difference may represent the respective engineering and basic science content and increased research opportunities within those specialties. No difference was observed in the percentage of faculty with additional graduate degrees who held departmental leadership positions or who were full professors relative to their peers without an additional graduate degree. This was a surprising result because surgeon-scientists receive formal training during graduate school to attain metrics that have previously been associated with traditional academic success and promotion including the following: NIH funding, number of publications, Hirschberg index, leadership roles in specialty societies, and editorial board positions for top orthopaedic journals.^[@R12]^

Leaders in academic medicine---including department chairs and residency program directors---require skills distinct from clinical practice or research. Despite having 63 combined MD-MBA programs in the United States,^[@R13]^ only 42 academic orthopaedic faculty existed with an MBA. Few orthopaedic surgeons receive any formal business and leadership training; however, orthopaedic surgeons who seek leadership positions are expected to navigate complex hospital and medical systems while maintaining clinical practice, research, and teaching. To meet the need of formal business training for academic physicians, many business schools and professional societies now offer short courses in business topics.^[@R5]^ Similar to business acumen, an understanding of health policy, advocacy, and litigation is a valuable asset in modern medical practice, yet only two orthopaedic faculty in the US hold a JD despite 18 medical/law schools offering a MD-JD dual degree.^[@R13]^ Tapping into the current pool of residency applicants with dual MD-MBA or MD-JD degrees would afford orthopaedic surgery a potential pipeline of future business leaders and health policy advocates with formal training in skills and knowledge, otherwise not learned in medical training.

In accordance with the low percentage of orthopaedic faculty with additional graduate degrees, data from the 2018 residency match reveal that orthopaedic surgery has a lower percentage of matched applicants with additional graduate degrees than all other specialties, aside from pediatric neurology. MD-PhDs are separated in the aggregate data, which show a steady decrease in the percentage of successful MD-PhD applicants to orthopaedic surgery over the past decade to an all-time low in 2018. The career choices of MD-PhD students have gradually shifted over the course of MSTP funding to include a more diverse representation of specialties,^[@R14]^ yet the current data indicate that orthopaedic surgery is not included. Previously identified factors that may steer MD-PhD applicants from orthopaedic surgery may be related to the temporal investment required for surgical training, the individual student\'s personality and preferences, the training program/medical school, lack of mentorship in orthopaedics, or orthopaedic surgery as a field.^[@R4],[@R6],[@R7]^ In addition, MD-PhD students are not being recruited; holding a PhD is one the least influential factors in the residency application process according to a survey conducted of orthopaedic surgery residency program directors.^[@R15]^ This likely represents prioritization of clinical skills in the residency application process; however, the additional graduate degree does not come at a cost of reduced clinical acumen because these applicants have equivalent medical education to their peers. Based on 2016 data, orthopaedic surgery recruits the lowest percentage of MD-PhD applicants among all other competitive surgical subspecialties.^[@R4]^ Residency applicants who hold another graduate research degree reliably gain skills to produce high-quality research and to attain metrics of academic achievement, and orthopaedic departments should be actively pursuing these applicants to compete for these applicants with other surgical subspecialties.

Currently, all residents engage in research as required by the ACGME for program accreditation, which has the potential to shape the research scope and productivity of an orthopaedic department. Research productivity before residency, however, has been shown to be a positive predictor of research output during residency and beyond.^[@R16][@R17][@R18]^ Many programs have integrated a one-year research track for select residents. These programs require investment by the department, yet they do not lead to a definite increase in productivity after residency nor do they result in those residents entering academic careers.^[@R19]^ In comparison with MSTP-trained surgeon-scientists, physicians who participated in nondegree conferring postgraduate research programs have been less successful in eventually being awarded NIH grants and have fewer publications over the course of their careers.^[@R20]^ By not actively recruiting from the 19.1% of residency applicants with additional graduate training, including MD-PhD students, orthopaedic surgery may be discounting a significant cohort of future surgeon-scientists with the knowledge base and skill-set required to advance the field.

To our knowledge, this is the first study to investigate and report the prevalence of academic orthopaedic faculty with formal graduate education in addition to a medical doctorate. A limitation of this study is reliance on publicly available data to build a data set. This may lead to inconsistencies or inaccuracies. For example, we cannot guarantee that the publicly available website data were updated or included the appropriate graduate training record for each faculty member at a given time. Another limitation of this study was the restriction of this study to academic orthopaedic faculty. There are orthopaedic surgeons in private practice who hold additional advanced degrees, conduct meaningful research, and provide leadership in orthopaedics from scientific, business, and legal perspectives. Conversely, a subset of academic orthopaedic faculty exists with advanced degrees who do not conduct research or practically employ their graduate training. In the future, a similar analysis could be performed by assessing individual members within the American Academy of Orthopaedic Surgeons to characterize the prevalence of dual-degree faculty in private and academic practice, but this was beyond the scope and objective of the current study. Despite these limitations, it is valuable to appreciate the relatively small cohort of academic orthopaedic clinical faculty with additional advanced graduate degrees to increase awareness for future recruitment and benefit from the diverse and valuable skills attained with additional graduate training.

The data from the present study demonstrate that orthopaedic surgeons with additional advanced degrees are in the minority of both practicing academic surgeons and admitted residency applicants. This study is not intended to point out deficiencies in the current state of academic orthopaedic practice; instead, we seek to highlight a potential opportunity to harness the valuable skill sets of graduate-trained residency applicants to contribute to the future of orthopaedic surgery. Currently, orthopaedic surgery has few academic faculty with additional advanced degrees relative to the number of medical school graduates who have pursued additional graduate training and are being recruited by other surgical subspecialties. Lack of recruitment of dual-degree applicants represents a missed opportunity because orthopaedic surgeons with additional advanced graduate education have the potential to further diversify the field to best equip orthopaedics as a specialty poised to meet the research, business, and legal demands of modern medicine.
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